We identified cell type-specific genes in the different hESC stages by applying a cutoff of a 113 RPKM value greater than or equal to two in one cell type and less than one in the other two cell 114 types (Supplemental Fig 2) . Using this cutoff we determined 429 naïve-specific genes, 229 115 transition-specific genes and 333 primed-specific genes. Compared to the primed states, naïve-116 specific genes were enriched for GO terms associated with morphogenesis and pattern 117 specification (Supplemental Fig 2) . This is due, in part, to the many HOX genes that are 118 uniquely expressed in naïve hESCs and not in transitioning or primed cells. when clustered on the top 1,000 highly expressed TEs (Fig. 1e) . Lastly, we compared 125 upregulated genes to human embryo RNA-seq data from Yan et al. (Yan et al., 2013) . We find 126 that a similar percentage of upregulated genes from naïve and primed are expressed in pre-127 zygotic genome activation stages, while naïve hESCs share more upregulated genes with the 128 post-ZGA embryo than primed ( 
Global Chromatin Features of Naïve hESCs 134
To assess global chromatin dynamics between the cellular states, we performed ChIP-seq on 135 five histone modifications from naïve and transitioning cells (Supplementary Table 2 ChIP inputs were sequenced in duplicates for both Elf1 naïve and Elf1 transitioning cells for a 143 total of > 270 million and >213 million sequencing reads respectively (Supplementary Table  144 2,3). 145
146
We inspected genes with known expression differences during early embryogenesis through the 147 blastocyst/epiblast stage to ensure our chromatin maps reflect changes during differentiation 148 from naïve to primed. TBX3 was shown to be expressed in naïve ESCs and human 149 epiblasts (Blakeley et al., 2015) . The TBX3 locus exhibits high levels of H3K4me1 and H3K27ac 150 in naïve hESCs, a reduction of H3K27ac in the transitioning state, followed by a reduction of 151
H3K4me1 and a gain of H3K27me3 in primed hESCs (Fig. 2a) . KLF2, which was shown not to 152 be expressed in human naïve cells (Blakeley et al., 2015) , lacks the H3K27ac modification in all 153 three hESC stages (Supplementary Figure 3a) . CDX2 has active histone modifications in naïve 154 hESCs but transitions to lost acetylation and gained H3K27me3 in primed hESCs (Fig. 2b) . 155 CDX2 has been shown to be expressed after blastocyst formation in human embryos and 156 overlaps OCT4 expression in preimplantation embryos(Niakan and Eggan, 2013). Expansion of 157
H3K27me3 domains are also shown at the HOXA locus as hESC move from naïve to primed 158 (Supplementary Figure 3b) . Next, we asked whether these trends observed at specific loci held 159 true genome-wide. repressive histone modifications in naïve cells (Fig. 2b,c) . H3K27me3 repressed regions are 166 more abundant and broader in primed than in naïve cells, covering ~1.4% of the genome in 167 primed cells compared to 0.5% in naïve (Fig. 2b, Supplemental Figure 3c ), which we previously 168 showed is linked to metabolic differences between the cell states (Sperber et al., 2015) . three times more than primed cells and 1.7 times more than transitioning cells ( Fig. 2c and  174 Supplementary Table 5) . Monomethylation is present in larger domains, reaching sizes of over 175 30kb in transitioning cells and over 50kb in naïve cells (Supplemental Fig. 3e ). Acetylation is 176 also more enriched in naïve cells with 3x more peaks than primed, and broad H3K27ac domains 177 reaching over 50kb (Fig. 2b,c, Supplemental Figure 3f and Supplementary Table 4,5). The 178 trends for H3K27 modifications also hold true on the X chromosome ( Supplementary Fig. 3h-j) , 179
where both are active in naïve cells(Ware et al., 2014). We found H3K4me3 to be the most 180 stable mark though cell-specific peaks exist (Fig. 2b,c and Supplementary Fig. 3g) . 181 182 183
Promoter Transitions from Naïve to Primed State 184
We investigated how DEGs were reflected through promoter chromatin states using >19,000 185 GENCODE defined autosomal protein coding genes. Over 12,000 promoters are marked with 186
H3K4me3 (Supplementary Figure 4a) . We subdivided promoters into six categories: (1) active -187 As expected, genes with active promoters had overall higher expression levels than genes with 195 promoters in the other two categories (Fig. 2e) . between active (42%), bivalent (32%) and poised (20%) in naïve hESCs (Fig. 2f) . Of the ~7% of 203 naïve active gene promoters that become bivalent in transitioning cells, these genes were 204 enriched for GO terms such as morphogenesis and WNT signaling, and includes genes such as 205 HOXA1, HOXA4, HOXD8 and ZEB1. Naïve bivalent genes fall into categories involving GO8 terms for synaptic transmission, ion transport and neuron differentiation (Fig. 2g) enhancers are largely decommissioned as naïve hESCs transition to the primed state (Fig. 4a) . 246
When assessing overlapping H3K4me1 peaks across hESCs, we see that the chromatin-247 marked genomic space of naïve enhancers is greatly reduced in primed cells (Fig. 4a,b) . This 248 process happens in a stepwise manner, as is evidenced by the loss of acetylation as cells exit 249 the naïve state followed by the gradual loss H3K4me1 (Fig. 4a,b) . This introduces a different 250 view of development compared to previous studies that showed poised enhancers gain 251 acetylation following differentiation and were often enriched near genes that became activated on H3K27ac, were originally identified in primed ESCs. These regions were shown to 262 upregulate nearby genes and were stronger than conventional enhancers. We asked to what 263 degree these regions were present in our naïve hESCs. To identify both broad H3K4me1 and 264
H3K27ac domains, we identified regions >5kb in all cell types (Fig. 4c) . The H3K4me1 broad 265 enhancers are almost 20 times more abundant in the naïve epigenome compared to the primed 266 hESC stage (7,412 in naïve hESCs compared to 371 in primed) with an average size of 8.1kb 267 compared to 6.1kb in primed (Supplementary Figure 5h,i) . The number of broad enhancers 268 steadily declines as hESCs transition from naïve to primed. We observed the same trend with 269 H3K27ac broad domains (2,330 in naïve compared to 803 in primed), although the number of 270 broad H3K27ac domains in naïve cells is three times less than the number of H3K4me1 broad 271 enhancers (Supplementary Figure 5h) . As a control, we looked for broad H3K4me3 peaks, 272 which were limited across the different hESC stages (Supplementary Figure 5h) . 273
Next, we determined if H3K4me1 broad enhancers and H3K27ac broad domains occupy the 275 same genomic space. The average number of bases contained within the overlap of broad 276
H3K4me1 and H3K27ac domains is over 70% of the average length of each domain 277 (Supplementary Figure 5i) . Over 78% of broad H3K27ac domains in naïve cells are found within 278
H3K4me1 broad enhancers (Supplementary Figure 5j) . In the naïve and primed states 87% and 279 71% of H3K4me1 broad enhancers, respectively, contained some overlap with H3K27ac, 280 indicating that they are active enhancers (Fig. 4d and Supplementary Figure 5j) . The average 281
ChIP-seq signal for H3K4me1 is high at H3K27ac broad domains in all cells except primed 282 hESCs (Fig 4d) . The active state of broad enhancers is supported by the distribution of 283 expression values of nearest neighboring genes (NNGs; Fig. 4e ). Only in the primed state are 284 there more broad H3K27ac domains than H3K4me1 domains and the difference in the 285 expression distribution of NNGs at broad enhancers versus active broad enhancers in primed 286 cells was the only comparison not found to be significant (Fig. 4e ). This may explain why 287 ChIP-seq data across cell types and conditions. Overall, all naïve cells have a similar enhancer 302 profile (Fig. 5a ). Cells grown in 4iLIF exhibit a stronger enhancer signal at Elf1 2iLIF naïve-303 specific enhancers (Fig. 5b,c) , and less enrichment at primed-and transitioning-specific 304 enhancers ( scores, and TAD centers occur at the peaks/maxima. We found that boundary insulation scores 337 were significantly different from TAD center scores (Fig. 6b) . 338 339 Overall, TAD size distributions are similar (Fig. 6c , first panel), with means of 420kb in naïve 340 and 444kb in primed. We observed 2,024 TADs whose genomic coordinates are identical at 341 40kb resolution while the remaining overlapping TADs differ by at least 40kb (Fig. 6c , secondpanel). We asked if the higher number of naïve Elf1 TADs may be due to better resolution of 343 our in situ data, as the two datasets were generated using different Hi-C protocols, and indeed 344 we found that some H1 TADs were split into two or more Elf1 TADs, which accounts for an 345 "extra" 427 naïve TADs (Supplementary Figure 7d) . The average overlap between naïve and 346 primed TADs is 319kb, suggesting that the overall TAD structure remains intact between the 347 naïve and primed states (Supplementary Figure 7e) . However, we could detect differences in 348 the location of some TAD boundaries as illustrated by naïve-specific boundaries exhibiting an 349 enrichment of primed Hi-C signal ( naïve CTCF ChIP-seq signal was also enriched at TAD boundaries in our naïve derived hESCs. 358
We found the CTCF signal to be enriched near naïve boundaries; however, this enrichment was 359 also present for primed hESCs CTCF signal ( PET data yielded 1,363 naïve and 1,818 primed TADs with at least one PET whose termini are 368 located within 40 kb of each boundary of a given TAD (Fig. 6f) . This corresponds to 22% of our 369 naïve TADs having a naïve PET and 31% of primed TADs having a primed PET within 40kb of 370 the TAD boundary. We looked to see if any of the PETs were near (within 40kb) differential TAD 371 boundaries, those having different boundaries in naïve and primed of 80kb or greater. Of 1,363 372
PETs near a naïve boundary, 529 (39%) are near a naïve differential TAD (Fig. 6f) . This helps 373 confirm some of the structural differences observed in the naïve 3D genome. 374
We investigated if there was a relationship between higher-order chromatin structure at 376 differential TAD boundaries and changes in chromatin modifications. We observe a significant 377 enrichment for H3K4me1 and H3K27ac at the internal edge of TADs with differential TAD 378 boundaries in the naïve state relative to random (naïve H3K4me1 and H3K27ac P-value < 5x10 -379 5 ), and a similar enrichment for primed H3K27me3 (P-value < 1x10 -4 ) (Fig. 7a) . A clear example 380 illustrating these differences in TAD and chromatin structure is the HOXA cluster, where a broad 381 boundary spans the HOXA cluster in primed hESCs and is enriched for H3K27me3 (Fig. 7b) . In 382 naïve hESCs, where HOXA genes are expressed, the TAD to the left of the boundary in primed 383 cells is extended across the cluster and marked by H3K4me1 and H3K27ac. We calculated the 384 differential insulation scores by comparing the naïve minus primed insulation scores to confirm a 385 significant difference in the TAD structures. The differential insulation score represents the 386 differential TAD structure between two samples. We examined the differential insulation score 387 around the HOXA locus (Fig. 7b) , and observed that there was a noticeable decrease in the 388 signal at the HOXA locus, confirming that the TAD structure at the HOXA locus is different 389 between naïve and primed cells. compartments, a previous study showed that inactive B sub-compartments are largely devoid of 400 histone modifications, including H3K27me3 and H3K9me3 (Rao et al., 2014) . It is therefore likely 401 that the primed-specific active compartments are driven by the lack of repressive modifications 402 in naïve hESCs (alternatively, these are naïve-specific inactive B compartments). Additionally, 403 cell-specific active compartments are enriched for TE expression relative to stable 404 compartments (Fig. 7e) , and gene expression to a lesser extent (Supplementary Figure 7f) . with the same pipeline and settings. Sequence reads were aligned to genome (version hg19) 537 using Bowtie2(Langmead and Salzberg, 2012). Replicates of aligned files were merged prior to 538 peak calling. For the UCSC genome browser tracks, ChIP-seq signals were normalized by 539 RPKM followed by subtraction of input from ChIP using deepTools suite (Ramirez et al., 2014) . 540
Heatmaps and histograms are of normalized ChIP-seq signal: samples are normalized by read 541 count and log2(chip reads/input reads) per 10kb bin is plotted using deepTools suite (Ramirez et 542 al., 2014) . 543
Peak Calling 545
ChIP-seq peaks were called on merged replicates and normalized to input using MACS 546 v1.4(Zhang et al., 2008). Peak calls with a FDR of 5% or less were used for downstream 547 analysis. Percent of genome covered was defined as total number of bases under the peak 548 divided by 2.7e9, the effective genome size. This was found it to be a better representation of 549 global chromatin structure (e.g. a 10kb region can be covered by one or many ChIP-seq peaks 550 due to peak size; the number of peaks may vary more than the total number of bases under the 551 peaks). Peak comparisons and overlaps were done using the BedTools suite(Quinlan and Hall, 552
2010). 553 554
In order to compare the histone marks (H3K4me1 and H3K27ac) across cell types, we divided 555 the genome into 10 kb bins and counted the reads across these 10 kb genomic regions using 556 
Differential Gene Expression Analysis 570
The raw read counts were calculated using featurecounts in Rsubread package(Liao et al., 571 2014) and GENCODE's release 19 as reference annotation. Differential gene expression 572 analysis was performed with DESeq2(Love et al., 2014) using read counts matrix. Two sets of 573 differentially expressed genes (DEGs) are identified with P-value < 0.01, log2FC > |1| and P-574 value < 0.01, log2FC > |2|. The P-values were adjusted for multiple hypothesis correction. DEGs 575 in all pairwise sample comparisons were identified. PCA was performed on regularized log 576 transformed read count data from autosomes of top 500 highly variant genes obtained using 577 DESeq2(Love et al., 2014) and plot was generated using ggplot2 in R(Wickham, 2009).
579
For transposable elements (TE) analysis, transcripts were quantified using hg19 UCSC 580
RepeatMasker TE annotation. We considered unique reads as well as multi mapped reads 581 during quantification of TE transcripts. PCA was performed on regularized log transformed read 582 count data of top 500 highly variant TE transcripts obtained using DESeq2. 583 584
Identification of Overrepresented GO Terms and Enriched Pathways 585
ClueGO (Bindea et al., 2009 ) was used to identify the overrepresented GO terms and enriched 586 pathways with the data from gene ontology consortium and KEGG pathways database. The 587 input gene lists to the ClueGO were DEGs with P-value < 0.01, log2FC > |1|. We used all genes 588 in the genome as background. The statistically significant GO terms and pathways were filtered 589 with P-value < 0.05 and GO term/pathway should contain at least 5 DEGs. P-values were 590 adjusted with Benjamini Hochberg method for multiple hypothesis correction. 591
592

Sankey Plot 593
We looked at promoter chromatin state transitions from naïve to primed to gain insight into the 594 establishment of bivalency and other chromatin state changes occurring at gene promoters. In 595 order to accomplish this goal we focused on the over 19,000 autosomal protein-coding gene 596 TSS annotated by GENCODE. We assigned a promoter to a gene if the H3K4me3 peak was 597 within -2kb to +500bp of the TSS. Sankey plot is limited by by the presence of multiple 598 promoters. Sankey plot were created using Google Charts 599 Guo, H., Zhu, P., Yan, L., Li, R., Hu, B., Lian, Y., Yan, J., Ren, X., Lin, S., Li, J., et al. (2014) . 837
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